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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
inch (in.) 2.54 centimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
square mile (mi?) 2.59 square kilometer
cubic foot per second (ft3/s) 0.02832 cubic meter per second
foot per mile (ft/mi) 0.1894 meter per kilometer
acre-foot 1,233 cubic meter

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929
(NGVD of 1929)--a geodetic datum derived from a general adjustment of the first-order level nets
of the United States and Canada, formerly called Sea Level Datum of 1929.



MAGNITUDE AND FREQUENCY OF FLOODS IN ALABAMA

By J.B. Atkins

ABSTRACT

Methods of estimating flood magnitudes for recurrence intervals of 2, 5, 10, 25, 50, 100, 270,
and 500 years are described for rural streams in Alabama that are not affected by regulation o+
urbanization. Flood-frequency characteristics are presented for 198 gaging stations in Alabama
having 10 or more years of record through September 1991, that are used in the regional analysis.
Regression relations were developed using generalized least-squares regression techniques to
estimate flood magnitude and frequency on ungaged streams as a function of the drainage area of
a basin. Sites on gaged streams should be weighted with gaging station data that are presented in
the report. Graphical relations of peak discharges to drainage areas are also presented for siter
along the Alabama, Black Warrior, Cahaba, Choctawhatchee, Conecuh, and Tombigbee Rivers.
Equations for estimating flood magnitudes on ungaged urban streams (taken from a previous
report) that use drainage area and percentage of impervious cover as independent variables also
are given.

INTRODUCTION

The magnitude and frequency of floods are important factors in the design of bridges,
culverts, highway embankments, dams, and other structures near streams and rivers. Flood-plain
management plans and flood-insurance rates also require information on the magnitude and
frequency of floods.

The Alabama Department of Transportation requires accurate flood-frequency information
to efficiently design drainage structures in Alabama. To meet this need, the U.S. Geological
Survey (USGS), in cooperation with the Alabama Department of Transportation, conducted a
study to update previous flood-frequency reports based on peak discharge data collected through
September 1991 from gaging stations.

Purpose and Scope

This report updates previous flood-frequency reports for Alabama by providing methods of
estimating the magnitude and frequency of floods in Alabama at ungaged streams and provides
frequency estimates of annual peak-discharge data at streamflow gaging stations using peak
discharge data collected through September 1991. The report includes regional equations for
estimating the magnitude of floods having recurrence intervals of 2, 5, 10, 25, 50, 100, 200, and
500 years for ungaged and unregulated rural streams, and methods for estimating the magnitude
and frequency of floods at or near gaging stations, and flood-frequency data on mainstem streams
with drainage basins located in more than one region. Equations for estimating flood magnitu-es
for recurrence intervals of 2, 5, 10, 25, 50, and 100 years for ungaged urban streams are also
presented as described by Olin and Bingham (1982).



Previous Studies

Magnitude and frequency of floods in Alabama have been described by Pierce (1954), Speer
and Gamble (1964), Gamble (1965), Barnes and Golden (1966), Hains (1973), and Olin (1984).
Magnitude and frequency of floods for small drainage area rural streams have been described by
Olin and Bingham (1977), and for urban streams by Olin and Bingham (1982).

Description of the Study Area

The study area includes all of Alabama which has an area of about 51,600 mi2, and is
located in five physiographic provinces--Coastal Plain, Piedmont, Valley and Ridge, Appalachian
Plateaus, and Interior Lowland Plateaus (fig. 1). The area north of the Fall Line, which delineates
the contact of the Coastal Plain with the other provinces, has a diverse topography with land-
surface elevations ranging from 200 to 2,400 feet above sea level. In the Coastal Plain, elevations
range from sea level to 1,000 feet above sea level in the northwestern part of the State. T"= land
surface generally slopes to the south and to the west.

Average annual precipitation ranges from about 50 inches in central and west-central
Alabama to about 65 inches near the Gulf of Mexico, and averages about 55 inches Statewide.
Rainfall in Alabama is generally associated with the movement of warm and cold fronts across
the State during November through April and isolated summer thunderstorms from May through
October. Occasionally, tropical storms or hurricanes produce unusually heavy amounts of rainfall
as they enter the State along the gulf coast (U.S. Geological Survey, 1986).

Average annual runoff varies from approximately 18 to 30 inches. Runoff is typically
greatest in February through April with flooding common during March and April. Runoff
typically decreases as rainfall decreases from September through November (U.S. Geological
Survey, 1986).

FLOOD DATA USED IN THE ANALYSIS

This study is based on peak discharge data collected through September 1991 at 270 rural
gaging stations with 10 or more years of record. Of these 270 stations, 198 were located within
Alabama and 72 were located near the Alabama State boundary in adjacent States of Florida,
Georgia, Mississippi, and Tennessee. The peak discharge records used in the study were not
significantly affected by man’s influence, such as the effects of reservoirs, channelization, and
urbanization. The supplemental data section of this report contains these peak discharge records
for stations in Alabama, along with information on the location, type of gage, drainage area,
period of record, annual peak-stage records, available randomly collected historical data, and
other pertinent remarks.

Peak discharge data from 17 small-basin rainfall-runoff gaging stations were included in the
200 stations in Alabama. Because the length of record at these small basin sites was short (less
than 10 years of record), the USGS rainfall-runoff model (Dawdy and others, 1972) was used to
synthesize long-term peak discharge data. Olin and Bingham (1977) describe this applicetion to
small streams in Alabama.
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FLOOD MAGNITUDE AND FREQUENCY AT GAGING STATIONS

A flood-frequency relation is the relation of peak discharge to probability of exceedance or
recurrence interval. Probability of exceedance is the chance of a given peak discharge being
exceeded in any one year. A 25-year flood for example has the probability of 0.04 (or 4 p=rcent
chance) of being exceeded in any given year. Recurrence interval is the reciprocal of the
probability of exceedance times 100 and is the average number of years between exceedances for
a long period of record. A 25-year flood may be expected to be exceeded on the average of once
in 25 years, or 4 times in 100 years. This does not mean floods occur at uniformly spaced intervals
of time; rather, a flood peak of this magnitude can be exceeded more than once in the same year,
Or can occur in consecutive years.

The flood-frequency relation for a stream where gaging-station data of 10 or more years of
record are available can be defined by fitting a theoretical frequency distribution to the logarithms
of annual peak discharges (largest instantaneous discharge for each year). The Interagency
Advisory Committee on Water Data (1982) has described and recommended a consistent
technique for determining flood magnitudes and frequencies by fitting a Pearson Type 111
distribution to the logarithms of annual peak discharges. This technique is commonly referred to
as the log-Pearson Type III frequency analysis, and is generally accepted by most Federal and
State agencies. Annual peak discharges for each gaging station used in this study were fitted to the
log-Pearson Type IlI distribution (Interagency Advisory Committee on Water Data, 1982). Flood
magnitudes for recurrence intervals of 2, 5, 10, 25, 50, 100, 200, and 500 years were compted for
each station from the following equation:

long = Mx+Kpr 1)
where
Qp is the flood magnitude at a selected exceedance probability p;
M, is the mean of the logarithms of the annual peak discharges;
Kp is a Pearson Type I1I factor for a coefficient of skewness (G) computed from the
logarithms of the annual peak discharges and a selected probability p;
Sy is the standard deviation of the logarithms of the annual peak discharges.

The flood magnitudes for the above mentioned recurrence intervals are listed in table 1. Station
frequency estimates are also listed in table 1 even though they may not have been used in the
regional regression analyses. Frequency estimates were not computed for sites located on streams
affected by large amounts of hydroelectric or storage regulation, or both.

REGIONAL FLOOD-FREQUENCY ANALYSIS

The flood magnitudes obtained from station frequency curves were related to basin ard
climatic characteristics using ordinary least squares (OLS) and generalized least squares (GLS)
multiple-regression analysis. The equations resulting from these analyses can be used to estimate
flood magnitudes for ungaged basins using their basin characteristics. The basin and climatic
characteristics that were tested for significance in the OLS regression analysis were:



Contributing drainage area (A), in square miles, is the contributing drainage area upstream
from the gaging station.

Main channel slope (S), in feet per mile, is the average slope between points 10 and 85 percent
of the distance from the gaging station to the basin divide.

Main channel length (L), in miles, is the length of the main channel between the gaging
station and the basin divide.

Mean basin elevation (E), in feet above sea level, is the mean elevation of the drainage erea
upstream from the gaging station measured from topographic maps by transparent grid-
sampling method (20 to 60 points in basin were sampled).

Lag-time factor (T), is a basin lag-time factor, defined by the ratio L / S%3 with L and S
defined above.

Forest cover (F), in percent, is the area of forest cover expressed as a percentage of the tntal
contributing drainage area.

Storage (St), in percent, is the surface area of lakes, ponds, swamps expressed as a percentage
of the total contributing drainage area.

24-hour, 2-year rainfall intensity (Ip4 »), in inches, from U.S. Weather Bureau (1961).

Mean annual precipitation (P), in inches, from maps published by the U.S. Weather Service
(1957).

Initial OLS regression analysis utilized peak discharge data from 270 rural gaging stations in
Alabama and adjacent States and their basin and climatic characteristics. Standard errors of
estimate were quite large, and were considered unacceptable for use as estimates of flood
magnitude for ungaged basins. The standard error of estimate is a measure of how well the
calibration data fit the regression model. The residuals for each gaging station were plotted cn a
State map and inspected for geographic bias. The residuals plot indicated geographic biases or
clusters were present and four flood regions were delineated for Alabama based on the residuals
plot, previous flood-frequency studies, drainage area maps, geologic maps, and physiographic
maps. The four flood regions are shown in figure 2.

The Wilcoxon Signed Ranks Test (Tasker, 1982) was used to test the statistical significance of
the clusters of the regression residuals to indicate whether or not the regional regression relations
were different than for the State as a whole. The test results indicated that each flood region was
statistically different from the State as a whole sample group at the 10-percent level of
significance.

Separate OLS multiple regression analyses were performed for each of the four flood regions
in which the standard errors were reduced as compared to the Statewide OLS regression relat’ons.
In each flood region, the contributing drainage area was the most statistically significant variable.
Addition of other significant variables did not decrease the standard error of estimate by more
than 3 percent. Therefore, contributing drainage area was the only variable retained in the
regression analyses.
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GLS regression analysis was applied to the four flood regions identified earlier with
contributing drainage area being the only explanatory variable used in the analysis. Stedinger and
Tasker (1985, 1986) have shown that GLS regression analysis can provide more accurate
estimates of regression coefficients, better estimates of the accuracy of the regression coefficients,
and better estimates of the regression model error than OLS regression analysis. OLS regression
analysis does not account for the errors associated with estimates of flood magnitude varying with
the length of observed record, nor does it account for the cross-correlation of concurrent peal-
discharge data between sites. GLS regression analysis accounts for these errors by using a
weighting matrix so that sites are weighted proportionally according to the standard errors and the
cross-correlation of the peak discharge estimates. The flood-frequency relations for the four f ood
regions are summarized in table 2.

Table 2.--Regional flood-frequency relations for rural streams in Alabama

[Note: Associated standard errors of prediction and equivalent years of record are listed in table 3.
Q, flood discharge in cubic feet per second; A, contributing drainage area in square miles}]

Regression equations for the indicated flood regions where A is the drainage area,

R;f::;rj:lce in square miles
(years) Region 1 Region 2 Region 3 Region 4
2 = 27A%2 Q= 163A0664 Q= 37AOT3 Q= 169 A 066
5 Q= 374 A 0669 = 295A06% Q= 517A0607 Q= 313 A 0608
10 = 482 A 0669 = 406A%68 Q= 638A066 Q= 444 A 060
25 = 627 A 0668 = 573A%%0 Q= 796 A0 Q= 650 A0
50 = 739 A 0.667 = 716 A0.634 Q= 914A 0.663 Q= 831A 0.587
100 = 855 A 0667 = 877A%8  Q=1,032A%"7 Q=1,035A0%
200 = 974A06%  Q=1057A%2 Q=1148A%% Q=1,262A0°
500 Q=1135A066 Q=1327A%04 Q=1302A%"" Q=1,601A0¢

The accuracy of a flood-frequency relation can be expressed in two ways: the standard error of
prediction, or as equivalent years of record. The standard error of prediction is a measure of ' ow
well the regression relation will estimate flood magnitudes when applied to ungaged basins. "he
standard errors of prediction ranged from a minimum of 33 percent (regions 3 and 4) to a
maximum of 52 percent (region 4). The standard error of prediction can also be expressed as
equivalent years of record (Hardison, 1971). These equivalent years of record represent the
number of years of peak-discharge record necessary to provide a flood estimate with accurac;’
equal to that of the regression relation flood estimate. For example, the 100-year flood estimete
from the region 1 regression relation could be estimated with same degree of accuracy as that
which could be obtained from 8 years of actual peak-discharge record. The standard errors of
prediction and the equivalent years of record for the regression relations are listed in table 3.



Table 3.--Accuracy of regional flood-frequency relations for rural streams in Alabama

Region 1 Region 2 Region 3 Region 4
Re;‘:;i‘;lce Standard Equivalent Standard Equivalent Standard Equivalent Standard Equivalent
(years) error (.)f years of error (.)f years of error (.)f years of error (.)f years of
prediction record prediction record prediction record prediction record
(percent) (percent) (percent) (percent)

2 35 3 40 3 37 3 38 3

5 34 4 36 4 35 5 33 6

10 35 5 35 6 34 7 33 9

25 37 7 35 9 33 10 35 12

50 39 7 36 10 33 12 38 13
100 41 8 37 11 33 15 42 13
200 43 9 39 12 34 17 46 13
500 46 9 43 12 35 18 52 13

Accuracy and Limitations of Flood-Frequency Estimates

The regression relations are valid for ungaged basins where the drainage area is within the
minimum and maximum drainage areas used in the regression analysis. The range of applicable
drainage areas for each flood region are as follows:

Flood region 1 0.44 to 1,027 mi?
Flood region 2 0.13t0 831 mi?
Flood region 3 0.44 to 1,097 mi?
Flood region 4 1.4 to 1,344 mi?

The regression relations should not be used where dams, flood-detention structures, ar
channelization have a significant effect on peak discharges nor should they be used for streams in
urban areas unless the effects of urbanization are insignificant (for sites in urban areas, use
methods described by Olin and Bingham [1982]). Reliability of the regression relations fcr
drainage areas outside the flood region limits is unknown.

Use of Flood-Frequency Relations
Regional flood-frequency equations or relations can be used to estimate flood magnitu-ies at

ungaged sites or improve estimates at gaged sites. Methods are presented in the following
sections that describe procedures to be used to obtain these estimates.



Gaged Sites

Flood estimates at gaged sites for a selected recurrence interval can be best determined by
weighting the regional and station flood estimates for the specified recurrence-interval using the
number of years of station record and the accuracy of the regional flood-frequency relations
expressed as equivalent years of record. This procedure for estimating flood magnitude for &
given recurrence interval at gaged sites can be expressed in the following equation (Interagency
Advisory Committee on Water Data, 1982):

N(logQg) +EY (logQ,)

l0gQy () = N+EY @
where
Og(w) is the weighted flood estimate for the selected recurrence interval, from table 1, in
cubic feet per second (ft3/s);
N is the number of years of station record used to compute Q, from table 1;
O is the flood estimate for the selected recurrence interval, in ft>/s, at the gaged site;
EY is the equivalent years of record for Q, from table 3; and
0, is the flood estimate from the regional flood-frequency equation for the selected

recurrence interval, in ft3/s.

Flood magnitudes obtained from station frequency curves were weighted using equation 2 and
are listed in table 1. The weighted values shown in the table for each station are for design
purposes at gaged sites.

Ungaged Sites

Flood magnitudes at ungaged sites for a selected recurrence interval can be estimated by
locating the drainage area of a site in one of the four flood regions (plate 1) and using the
appropriate regional flood-frequency relation from table 2. The flood estimate can be improved if
the ungaged site is located on the same stream as a gaged site having 10 or more years of pe~k
discharge record and if the drainage area of the ungaged site is within one-half to 1.5 times the
drainage area of the gaged site. The weighted discharge, Qg (w), at the gaged site can be transfrrred
to the ungaged site using the equation

ALY
Qu = A Q g(w) 3
g
and a weighted flood estimate at the ungaged site can be computed by the equation
2AA 2AA
Qu(W) = (T)Qr+(1_T)Qu @
8 8



where

0O, is the flood estimate at the ungaged site after transferring the weighted peak
discharge from the gaged site, in ft3/s;

Qg(w ) is the weighted flood estimate for the selected recurrence interval, from tal'le 1, in
cubic feet per second (ft3/s);

Quiw) is the weighted flood estimate at the ungaged site, in ft3/s;

0, is the flood estimate from the regional flood-frequency equation for the selected
recurrence interval, in ft5/s.

b is the exponent of the drainage area term of the regional flood-frequency relation
for the applicable flood region and recurrence interval, from table 2;

A, is the drainage area of the ungaged site, in mi?;

Ag is the drainage area of the gaged site, in mi%;

AA is the absolute difference in drainage areas between the ungaged site and the gaged

site, in miZ.

If the drainage area of the ungaged site is not within one-half to 1.5 times the drainage are~ of the
gaged site, the regional flood-frequency equations should be used without any adjustment.

Sites on Streams which Cross Flood Region or State Boundaries

For streams which cross flood region boundaries, flood magnitudes can be estimated by
weighting the flood estimate by the percentage of the basin’s drainage area in each flood r=gion.
First, compute the flood estimate as if the total drainage area lies in each flood region; then,
weight the flood estimates on percentage of drainage area in each flood region. This same
procedure can also be used at sites on streams that cross State boundaries where different methods

exist for estimating flood magnitudes.
Examples
Example 1--ungaged basin entirely within one flood region

The 100-year flood estimate (Q;q) is needed for an ungaged site that has a drainage area of
150 mi? and is entirely within flood region 1. The drainage area is substituted in the regional
flood-frequency relation for region 1 from table 2 as follows:

Q100 = 855 A667
= 855 (150)0-667
=24.200 ft3/s

10



Example 2--ungaged basin in two flood regions

The IOO-year flood estlmate (Q100) is needed for an ungaged site that has a total drainage area
of 500 mi? of which 350 mi? is in flood region 3 and 150 mi? is in flood region 4. The Q100 1s first
computed by using the flood-frequency relation for flood region 3 and assuming the total drainage
area is entirely within flood region 3, and then the Q¢ is computed assuming the total drainage
area is entirely within flood region 4 by using the flood-frequency relation for flood region 4.

Region 3 Region 4

QIOO =1032 A0.677 QIOO =1035 A0.583
= 1032 (500)%-677 = 1035 (500)%-83
=69,300 ft3/s = 38,800 ft3/s

The weighted Q1 for the site is then computed as a weighted average based on the
percentage of the drainage area in each flood region as follows:

Q100(weighted) = Q100(reg10n3)(§%g) + Q100(region4)(;%g)
69,300 (29} "+ 38,800 (%)

48,500 + 11,600
= 60,100 ft/s

Example 3--ungaged site on same stream as gaged site

The 100-year flood estimate (Q(y) is needed for an ungaged site on the same stream as a
gaged site in flood region 1 and the drainage area of the ungaged site is within one-half to 1.5
times the drainage area of the gaged site. The gaged sxte is station number 02464000, North River
near Samantha, which has a drainage area of 223 mi 2and a weighted 100 -year flood estimate of
25,300 ft3/s (table 1). The drainage area of the ungaged site is 160 miZ. The 100- -year flood
estimate at the ungaged site (Q,) is computed by transferring the weighted 100-year flood
estimate at the gaged site (25,300 ft 3/s) to the ungaged site using equations (3) and (4). The values
for the variables in the equations are:

A, is 160 mi%;

Ag is 223 mi?;
AA is 63 mi?;

0, is 25,200 ft/s;

Quw) 1525300 f6/s;

Equation (3) is used to transfer the 100-year flood estimate from the gaged site to the ungaged site
as follows:

11



A

=( ;_gi;)‘)'m 25,300

= 20,300 ft/s
The weighted discharge for the ungaged site (Q,,,)) is computed using equation 4 as follows:

Quw) = (%;ﬁ) o, + (1“%?) o

= (2_5&;_)) 25,200+ (1-283) 20,300

=14,200 + 8,830
= 23,030
= 23,000 ft3/s (rounded).

FLOOD-FREQUENCY ANALYSIS FOR LARGE STREAMS

Flood-frequency relations for gaging stations with drainage areas larger than the maximum
drainage areas used in the regional analyses were not weighted because these sites could not be
accurately described by regional relations due to their large drainage area size, or may be subject
to minor degrees of regulation, or both. Relations of flood magnitudes to drainage area w-re
determined for selected recurrence intervals for the Alabama, Black Warrior, Cahaba,
Choctawhatchee, Conecuh, and Tombigbee Rivers. Estimates of the flood-frequency relation for
the Mobile River at the Barry Steam Plant near Bucks are also provided. The flood-frequency
relations for each river listed are summarized in the following sections. The estimated flond-
frequency discharges were based on log-Pearson Type III analysis of peak discharge data at the
gaged sites on the streams as described by the Interagency Advisory Committee on Water Data
(1982) and are listed in table 1. Flood magnitudes for selected recurrence intervals can be
estimated using figures 3 through 8 by reading the discharge scale for known drainage areas.
Peak-discharge data at selected sites on these large rivers are contained in the supplemental data
section of this report.

The curves in figures 3 through 8 have been drawn as straight lines connecting the plotted data
points. These linear representations do not infer that flood estimates or drainage area vari=s
uniformly along the stream; in fact, they may not vary except where tributary streams of
significant size drain into mainstem reaches of a river, in which case the drainage-area axis would
be discontinuous. If valley storage is not an appreciable factor, flood estimates may remain
relatively constant for each mainstem reach between large tributary streams. However, because
the distribution of the gaging-station data points along the drainage-area axis takes the
discontinuity at tributaries into account, the method is suitable for obtaining estimates of flood
magnitudes along the rivers for which the information is provided.
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Relations of flood discharge to drainage area were not defined for the Chattahoochee Rive-,
Coosa River, Tallapoosa River, and Tennessee River because of major degrees of regulation ty
hydroelectric and large-volume storage reservoirs. If information is desired for flood-frequency
determinations for the Chattahoochee, Coosa, and Tallapoosa Rivers, contact the Mobile District,
U.S. Army Corps of Engineers. If information is desired for the Tennessee River, contact the
Tennessee Valley Authority.

Alabama River

The relation of flood discharge to drainage area for selected recurrence intervals for the
Alabama River is shown in figure 3. Flow in the Alabama River is regulated by reservoirs
upstream on the Coosa and Tallapoosa Rivers. The flood discharges at the confluence of the
Coosa and Tallapoosa Rivers were estimated by the ratio of peak discharges between the station
near Montgomery and at Selma (numbers 02420000 and 02423000, respectively, table 1 and
plate 1). The flood discharges for the 5- through 500-year recurrence intervals are higher at th=
Montgomery station than at the Selma station because of the absence of any major tributary and
the increased over-bank storage between the two stations. The same effect is noticeable for the
25- through 500-year flood discharges between the Millers Ferry and Claiborne stations (numt-=rs
02427500 and 02429500). The upward trend of the curves between the Selma and the Millers
Ferry stations is probably due to the inflow from the Cahaba River, a major tributary. The flood
discharges at the mouth were estimated by the ratio of flood discharges between the Claiborne and
Millers Ferry stations.

Black Warrior River

The relation of flood discharge to drainage area for selected recurrence intervals for the Black
Warrior is shown in figure 4. Flood discharges at the confluence of the Locust and Mulberry Forks
were estimated from the station at Bankhead Lock and Dam (number 02462500) by using
equation 3. The flood discharges at the Northport station (number 02465000) are higher than the
Eutaw (number 02466000) station because of increased over-bank storage and a significant
decrease in channel slope as compared to stations upstream of the Northport station. The flooc
discharges at the mouth were estimated from the Eutaw station by using equation 3 due to the
presence of highly impermeable chalk in the basin between the two sites.

Cahaba River

The relation of flood discharge to drainage area for selected recurrence intervals for the
Cahaba River is shown in figure 5. The 10- through 500-year flood discharges are higher at the
Sprott station than the Marion Junction (numbers 02424500 and 02425000, respectively) because
of over-bank storage between the two sites. The flood discharges at the mouth were estimated by
the ratio of flood discharges between the Sprott and Marion Junction stations.

Choctawhatchee River

The relation of flood discharge to drainage area for selected recurrence intervals for the
Choctawhatchee River is shown in figure 6. Flood discharges are presented for drainage areas

19



between 1,750 and 3,158 mi? using data from the Choctawhatchee River at Caryville, Fle. station
and procedures as described by Bridges (1982). The drainage area at the Alabama - Florida State
line is 3,158 mi? and the site at a drainage area of 1,750 mi? represents 50 percent of the basin size
at the Caryville, Fla. station.

Conecuh River

The relation of flood discharge to drainage area for selected recurrence intervals for the
Conecuh River is shown in figure 7. Flood discharges are presented for the Brooklyn station
(number 02374000) and at the Alabama - Florida State line. The flood discharges at the State line
were estimated using data from the Escambia River near Century, Fla. station and procec'ures as
described by Bridges (1982).

Tombigbee River

The relation of flood discharge to drainage area for selected recurrence intervals for the
Tombigbee River is shown in figure 8. Flood discharges for the stations at Columbus Lock and
Dam, Bevill Lock and Dam, Gainesville Lock and Dam, and Demopolis Lock and Dam (station
numbers 02441500, 02444160, 02447025, and 02467000, respectively) were provided by the
Mobile District, U.S. Army Corps of Engineers. Flood discharges at Coffeeville Lock an1 Dam
(number 02469761) were estimated using USGS peak discharge records. The flood disckarges at
Coffeeville are less than at Demopolis because of overbank storage and a decrease in channel
slope between the two sites. Flood discharges at the mouth of the Tombigbee River were
estimated by the ratio of flood discharges between the stations at Demopolis Lock and D~m and
Coffeeville Lock and Dam.

Mobile River

Flood discharges for selected recurrence intervals of the Mobile River at the Barry Steam
Plant near Bucks, Ala. (station number 02470630) are given in table 1. The relation of flood
discharge to drainage area for selected recurrence intervals was not defined because there was not
any data available at additional locations on the Mobile River.

FLOOD MAGNITUDE AND FREQUENCY FOR URBAN STREAMS

The equations in table 4 can be used to estimate flood discharges for selected recur-ence
intervals for streams draining urban areas with more than 5 percent impervious cover (O'in and
Bingham, 1982). Each of the regression coefficients were statistically significant at the 5 perc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>